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Abstract

Given the difficulties of conducting regular endocrine and veterinary assessments of animals, behavioural observations are often the
most commonly used tool to assess the welfare of animals in human care. Behavioural measures, inexpensive and convenient to collect,
also have their challenges, such as ensuring the behaviours of interest are reliable indicators of an animal’s internal state. Welfare
assessments include both positive and negative indicators, and a commonly used indicator of negative welfare is self-directed behaviour
(SDB). SDB has been described as a behavioural indicator of stress through observation and experimentation; however, this pattern is
not universal despite assumptions otherwise. The purpose of this study was to experimentally evaluate the use of SDB as an indicator
of negative welfare in mandrills (Mandrillus sphinx) with the goal of understanding the function of SDB in relation to stress. Using a
touchscreen-mediated cognitive task, the mandrills were observed to self-scratch significantly more often during incorrect than correct
trials; however, rates of SDB did not vary between increasingly difficult testing conditions. The mandrills had individual variation in their
use of body-shakes and yawns under negative and positive conditions that mirror similar variation observed in other primates. This study
provides experimental evidence that self-scratching in mandrills can be used as a behavioural indicator of anxiety and that welfare
assessments for animals in human care need to account not only for species’ differences, but also for individual differences. 

Keywords: animal behaviour, animal welfare, mandrill, primate cognition, self-directed behaviour, zoo

Introduction
Assessing animal welfare through behavioural observa-
tion is a common practice that relies upon the use of
validated behavioural measures. Self-directed behaviour
(SDB), which includes self-scratching, body-shaking
and yawning, are common behaviours used in assessing
the stress and, ultimately, welfare of primates in human
care (Chelluri et al 2013; Kranendonk & Schippers
2014; Herrelko et al 2015). Stress is generally viewed as
the perception of an uncontrollable and/or unpredictable
stimulus that exceeds the immediate coping capacity of
the individual (Koolhaas et al 2011). Primates have been
observed to increase SDB in contexts associated with
uncertainty and unpredictability, such as the proximity
of a dominant individual (eg Castles et al 1999),
following agonistic encounters that may result in further
aggression (eg Romero et al 2009), and when the spatial
density of social groupings increase (Cordoni & Palagi
2007; Ross et al 2010; Caperos et al 2011). Furthermore,
long-tailed macaques (Macaca fascicularis) were
observed to decrease SDB following the administration
of anxiolytic (anti-anxiety) drugs and increase SDB
following the administration of anxiogenic (anxiety-
inducing) drugs (Schino et al 1996).

Given these findings, SDB has long been considered a
universal behavioural indicator of anxiety (for a review, see
Maestripieri et al 1992), and has been used in welfare eval-
uations of primates in human care (eg Chelluri et al 2013;
Kranendonk & Schippers 2014; Herrelko et al 2015).
However, several studies provide evidence that SDB may
not be a universal indicator of stress in primates. Hamadryas
baboons (Papio hamadryas) showed no change in self-
scratching when confined to smaller enclosures, a common
experimental test of anxiety (Judge et al 2006). In addition,
salivary cortisol did not correlate with self-scratching in the
same species (Pearson et al 2015) or in olive baboons
(Papio hamadryas anubis; Higham et al 2009). Marmosets
(Callithrix jacchus) similarly had no change in self-
scratching when administered an anxiogenic drug, held in
isolation, or exposed to an artificial predator (Kato et al
2014) and, interestingly, were observed to have increased
self-scratching rates during play (Neal & Caine 2016).
However, another marmoset species (Callithrix penicillata)
exhibited decreased frequency of self-scratching in the
presence of an artificial predator when administered an anxi-
olytic drug (Barros et al 2000). An additional factor that is
rarely considered is the presence of ectoparasites. A recent
study of wild Japanese macaques (Macaca fuscata) found
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